ABSTRACT Alteration of weed ßora as consequence of the deployment of genetically modiÞed herbicide-tolerant crops may affect higher trophic levels in agrosystems. A 4-yr study is being conducted in Spain to investigate interrelations between weeds and associated arthropods in corn Þelds. In a Þrst step, the work aimed to detect the most responsive arthropods to weed management changes. To identify the most responsive arthropods, arthropod composition and abundance in herbicide-tolerant corn plots treated twice with glyphosate and untreated plots were compared for 2 yr. Plots were sampled seven times during the season by visual inspection and pitfall and yellow sticky traps to estimate abundance and activity of the main arthropod herbivores, predators, and parasitoids. As intended, the abundance and composition of weed ßora was strongly altered by the differential herbicide treatments. Several groups of arthropods responded to the weed changes but in variable directions. Whereas leafhoppers and aphids were more abundant on herbicide-treated plots, the contrary was found for phytophagous thrips. Among predators, Orius sp., spiders, and trombidids were more abundant on treated plots, whereas nabids and carabids were more abundant in untreated plots; the same case was found for carabids and spiders caught in pitfall traps. Among parasitoids, ichneumonids were more abundant in untreated plots and mymarids in treated plots. These results cannot be interpreted in terms of nontarget effects of postemergence treatments with broad-spectrum herbicides; for this, a comparison with conventional weed management practices should be done and this is the current step in the study.
Weed management is practiced in most agricultural systems worldwide in one way or another (manually, mechanically, by chemical herbicide spraying or by other methods) to diminish detrimental effects of weeds on crop yield. Weed management alters both the abundance and the composition of weed ßora and probably other components of agrosystems at higher trophic levels, particularly arthropod herbivores and their natural enemies. Integration of all these components in true integrated pest management (IPM) systems requires a greater understanding of their relationships that would allow us to predict how technological changes in weed management may affect relevant ecological functions in agrosystems, such as biological control. Genetically modiÞed herbicidetolerant (GMHT) crops, which were grown on 72.2 million ha in the world in 2007 (James 2007) , allow postemergence spraying with broad spectrum herbicides and may therefore signiÞcantly alter the biomass, composition, and phenology of weeds. Postemergence spraying with this kind of herbicide gives growers more ßexibility in weed management to choose among several spraying times; these should be selected to both reduce weed competition to tolerable levels and enhance biological control by manipulating those weeds that favor natural enemies. Understanding how these alterations in weed ßora might affect biological pest control functions in corn systems may help to decide whether or not to adopt herbicidetolerant varieties in agriculture and inform how weeds can be managed to enhance biological control.
Although the interaction between weeds, arthropod pests, and their natural enemies have received a great deal of attention (see the review of Norris and Kogan 2000) , the complexity of these interactions and the lack of an ecological theory that would explain arthropod responses to vegetational diversity make it difÞcult to predict the potential impact of modiÞed weed management in agrosystems. In general, fewer arthropod pest outbreaks have been predicted in polycultures (spatially intimate mixtures of different plant species with maximal temporal overlap) than in monocultures (the corresponding bare-ground sole-crop Þelds) (Andow 1991) .
Corn (grain and silage) was estimated to be grown on Ͼ10 millions ha in the 25 countries of the European Union in 2006 (http://epp.eurostat.ec.europa.eu). It is one of the summer crops that occupies the largest area of land in central and southern Europe and may play an important role in maintaining biodiversity in agricultural landscapes. Taking into account that permission to cultivate transgenic herbicide-tolerant corn in Europe has been requested, the consequences of its deployment and the increase in the use of broadspectrum postemergence herbicides need to be evaluated. Corn is considered to be especially susceptible to weed competence (Olson and Sander 1988) , and growers spray corn stands in pre-or postemergence treatments to keep them generally free of weeds. There is little information on how weed management practices may affect arthropod herbivores and their natural enemies in corn. Research carried out in Great Britain by Brooks et al. (2003) and Haughton et al. (2003) comparing glyphosate treatments with conventional herbicide treatments focused on questions of arthropod diversity rather than on biological control. These authors found relatively few differences between the two treatments in corn Þelds for most of the herbivore, predatory, and decomposer groups recorded in pitfall traps and by sweeping between rows. However, crop plants must be sampled to determine the abundance of their herbivores and natural enemies, information that may be needed when biological control functions are examined. Counting on crop plants in addition to between rows may lead to a different and more realistic picture if conclusions on biological control and IPM are envisaged. In this respect, it has been hypothesized that a higher diversity of weeds in crop Þelds, including corn, leads to higher numbers of natural enemies (Altieri 1999) .
In 2006, a 4-yr study sponsored by the Spanish Instituto Nacional de Investigaciones Agrarias y Agroalimentarias (INIA) and the University of Lleida (UdL) was started with the aim of examining the long-term effects of repeated glyphosate applications in corn on weed community and arthropod compositions and abundances. Within this study, the Þrst 2 yr were devoted to detect the components of arthropod fauna that are most sensitive and responsive to repeated treatments with broad-spectrum herbicides. For this, the arthropod composition and abundance in plots treated twice with herbicides were compared with that in untreated plots. The three arthropod functional groups examined on the two types of plots were the most signiÞcant for biological control: herbivores, predators, and parasitoids.
Materials and Methods
The study was conducted in Lleida (northeast Spain, 41.36Њ N, 0.36Њ E) in 2006 and 2007. The experimental Þeld formed part of a common rotation in the area including winter cereals, alfalfa, and corn. The crop that preceded the experimental corn was a 4-yr alfalfa. The experimental Þeld was surrounded by winter cereals and alfalfa with a 1.5-m margin between them, and no other corn Þeld was within a radius of 300 m. In both years, the Þeld was tilled 1 wk before planting so that weeds were absent at sowing. The Þeld was irrigated using sprinklets, and the cultural practices were the common ones in the region.
Experimental Design and Treatments. A complete random block design with one treated (T) and one untreated (NT) plot, and four replications were used. Treatment was randomly assigned to each block in the Þrst year, but randomization was not used in the second year because the treatment was repeated on the same plot. Experimental units were plots of 0.5 ha in size. The treatment consisted of two applications of glyphosate at V4 and V8 corn growth stages at a rate of 1.08 kg (AI)/ha. The remaining cultural practices were the same as those on the untreated plot and corresponded to those common in the region. Seed was dressed with imidacloprid. The whole experimental Þeld was sown (on 23 April in both years) with the same variety (TEB652-E) including the transformation event NK603, which confers tolerance to over the top applications with glyphosate herbicide.
Sampling. Results of weed counts were provided by weed scientists in INIA. Abundance of weeds per square meter was estimated by counting the number of individuals within a 0.25-m 2 ring; on each plot, rings were randomly distributed 16 times on each principal diagonal. Weeds were identiÞed to genus level and, when possible, to species level. Counts were carried out just before herbicide application and 10/15 d after the last herbicide treatment. Only weed counts after herbicide application are reßected here.
Three techniques were used to estimate arthropod densities or activities: visual counting, pitfall traps, and sticky yellow traps. Samples were taken seven times per season with each of the techniques at the following corn growth stages: V6 Ð7, V8 Ð10, V12Ð14, V14 Ð15, R1, R3, and R5 (nomenclature of Ritchie et al. 1992) .
Abundance of crop plantÐ dwelling predators and herbivores was estimated by visually counting the number of individuals on 25 plants per plot. To minimize the chance of insects leaving the plant before recording as far as possible, the counts were performed early in the morning when the insects were less active. Individuals were identiÞed to different taxon levels. Among herbivores, three main groups were recorded: leafhoppers and aphids were identiÞed to species level and thrips to family level. The whorl leaves were carefully inspected to count the number of thrips on the Þrst two sampling dates, and on the third sampling date onward, thrips on leaves and stalk are only counted. Among the predators, Araneae and predatory Thysanoptera were recorded as whole groups; trombidiids, staphylinids, and syrphids were recorded to family level; and anthocorids, nabids, mirids, chrysopids, carabids, and coccinellids were identiÞed to genus or species level.
Three pitfall traps (a glass jar of 8 by 17-cm depth half-Þlled with water and 20% ethylene-glycol) were arranged in each plot, regularly distributed along the plot length but at least 10 m from the Þeld border, and left active for 5 d. They were protected from irrigation sprinklets by a 25 by 17.5-cm 2 roof placed at 3-cm height from the ground. Individuals caught were taken to the laboratory, kept in the refrigerator until they could be processed, and identiÞed to different taxon levels. Araneae and the sum of millipeds and centipeds (Miriapoda) were recorded as whole groups. Collembola were divided into two groups: globular and elongate. Staphylinids (adults and larvae) were identiÞed to family level, and earwigs and the most abundant carabid adults were identiÞed to genus or species level.
Three yellow sticky traps (21 by 31 cm, only one sticky side; Serbios, Badia Polesine, Italy) per plot were put on a stake at canopy height (until V12) or at ear level (from V15 onward) and left active for 5 d. They were taken to the laboratory and kept in the refrigerator until the individuals were identiÞed to different taxon levels. The herbivores recorded were aphids, leafhoppers, planthoppers, and thrips. Among predators, the number of individuals belonging to the following taxonomic levels was counted: Orius spp. Nabis spp., other Heteroptera, thrips, chrysopids, staphylinids, and species of coccinellids. The parasitoid families identiÞed were Ichneumonidae and Braconidae. Chalcidoids were recorded as a whole group except for mymarids, which were counted as a separate family because of their particularly high numbers. Finally, the number of individuals of two heterogeneous groups of chloropids and muscid plus tachinid ßies were also recorded. Voucher specimens of the main arthropods identiÞed have been deposited in the Laboratory of Entomology (University of Lleida, Lleida, Spain).
Statistical Analysis. In the combined analyses of variance (ANOVAs), a split-split-plot-like model (Gomez and Gomez 1984) was used in which year (2006 versus 2007) was considered the main plot. Subplot was the treatment (treated versus untreated) and subsubplots were the sampling dates (seven). All factors except blocks were considered Þxed and crossed with each other, except for blocks that were nested within year. To normalize the original data as much as possible, they were transformed by SQRT (x ϩ 0.5) before analysis. The level of signiÞcance was P Ͻ 0.05 in all cases. The Statgraphics Plus computer package (Statgraphics 1997 ) was used for the analyses.
To determine the usefulness of yellow sticky traps to detect differences in arthropod densities among plots with different weed management regimens, SpearmanÕs rank correlations (nonparametric correlations were preferred as variables were assumed not to be linearly related) between numbers of herbivores and predators recorded on yellow sticky traps and on plants were calculated for insect groups surveyed by means of the two sampling techniques.
Results
Weed Flora Composition. The number of weeds per square meter is shown in Table 1 (J.M. GarciaBaudin, personnal communication). Almost one half (43%) of the weeds recorded belonged to the complex Echinochloa crus-galli and Setaria sp. Amaranthus sp. and Chenopodium album were also abundant (21 and 11%, respectively). The rest of the weeds were represented in percentages Ͻ10%. Year showed signiÞ-cant (P Ͻ 0.05) differences independently of the treatment in two cases: M. sativa and Veronica spp., which were more abundant in the Þrst year. Gramineae (E. crus-galli L., Setaria sp., and Lolium sp.) were more abundant on untreated plots each year, and Amaranthus sp. and C. album were much more abundant on untreated plots but only in the second year, in which both weed species showed signiÞcantly higher densities. The signiÞcant two-way interaction in the total number of weeds comes from the fact there were more weeds in 2007 than in 2006 but only on untreated plots, whereas on the treated ones, there were no signiÞcant differences between years.
Composition of Arthropod Fauna in Visual Counts. The numbers of individuals belonging to the three groups of herbivore insects were 81,700 leafhoppers, 26,350 aphids, and 17,675 phytophagous thrips. Most leafhoppers recorded were Zyginidia scutellaris (Herrich-Schäffer); the aphids were identiÞed at species level [Metopolophium dirhodum (Walker), 50%; Sitobion avenae (F.), 29%; Rhopalosiphum padi L., 18%; others, 3%], and most phytophagous thrips were identiÞed as Frankliniella tenuicornis (Uzel). Over the 2 yr of the study, a total of 23,275 predators were recorded on the crop plants. The genus Orius spp. was the prevalent (35%) taxon. The whole group of Araneae represented 19% of the total predators found, followed by the different stages of Chrysopidae (10%), coccinellids (7%), predatory or omnivorous mirids (6%), trombidids (6%), the different stages of syrphids (5%), predatory thrips (4%), and carabids (3%). Adults of coccinellid were identiÞed as Coccinella septempunctata L., Hyppodamia variegata (Goeze), Propylea quatuordecimpunctata L., and Stethorus punctillum Weise and Scymnus sp. Most carabidae recorded on plants were Demetrias atricapillus L., most chrysopidae were Chrysoperla carnea (Stephens), the staphylinids belonged mainly to the genus Tachyporus, and the prevalent predatory thrips was Aeolothrips tenuicornis (Bagnall). The omnivorous mirids identiÞed were Trigonotylus caelestialium (Kirk), Adelphocoris sp., Lygus spp., and Creontiades pallidus (Rambur).
Densities of herbivores and predators varied mainly between years and sampling dates (Table 2 ). In 2007, aphids, thrips, and leafhoppers were more abundant (although not signiÞcantly more abundant in the latter group). A different between-year pattern was observed for predators. These were signiÞcantly more abundant in 2006 than in 2007 except Orius spp. and Araneae (representing together Ͼ50% of all predators recorded), which did not show signiÞcantly different numbers in 2006 and 2007. As expected, predator and herbivore densities varied greatly during the season. Most predators and leafhoppers peaked at V14 Ð15 or R1 corn growth stage (GS), respectively, or both, which corresponded to soon before and during the pollen shed. A different pattern was recorded for aphids and phytophagous thrips, which peaked on the Þrst (V6 Ð7) or second (V8 Ð10) sampling dates, and for coccinellids (mainly C. septempunctata and H. variegata) , which showed the second highest density on the Þrst sampling date. SigniÞcant (P Ͻ 0.05) differences in treatments but independent from sampling dates were found for phytophagous thrips and Nabis sp., whereas differences between treatments depending on sampling dates were found for aphids, leafhoppers, Araneae, trombidids, Orius spp., and carabids. However, all these interactions were not of a crossover type and did not affect conclusions on those arthropod groups (Table 2 ; Fig. 1 ).
Aphids were more abundant on treated plots in both years of the study, particularly in the Þrst half of the season (Fig. 1A ). Leafhoppers were also more abundant on treated plots but only in mid-season (Fig. 1B) .
Araneae showed very similar densities on treated and untreated plots during the Þrst part of the season, until the plants reached 14 leaves (Fig. 1C) . Later, these predators were signiÞcantly more abundant on treated plots on the three sampling dates, soon before, during, and after pollination. Finally densities were practically zero on the last sampling date. This pattern was repeated for Orius spp. (Fig. 1E ), but with smaller differences between treated and untreated plots in mid-season. Trombidiids showed slightly different dynamics, with densities higher on treated plots on one of the seven sampling dates (Fig. 1D ). Carabids were the only predators recorded on plants that were more abundant on untreated plots on some of the sampling dates (Fig. 1F) . Nabis spp. was more abundant on untreated plots regardless of the sampling date, but its densities were quite low in all cases.
Pitfall Traps. A total of 18,312 arthropods were caught in pitfall traps during the 2 yr and identiÞed to different taxonomic levels. Of these, 62% were predatory groups (carabids adults and larvae, 29%; Araneae, 21%; staphylinids, 10%; dermapterans, 2%), 21% were collembolans, and 17% were Miriapoda. The were Agonum dorsale (Pontopiddan), and 14% included several minor species. Table 3 shows effects of year, treatment, sampling dates, and the corresponding two-way interactions on arthropods caught in pitfall traps. Catches of carabids, staphylinids, and Araneae varied with the year: whereas the Þrst group was caught more in 2007, the other two were caught more in 2006. Composition of predators also changed with the year: carabids represented 13% of the predators in pitfall traps in 2006, but 52% in 2007. Major between-year differences in density activity of carabid beetles came from the species P. rufipes, which represented 30% of carabid catches in 2006 and 78% in 2007. Carabid and spider catches were affected by the type of plot but only on some sampling dates (Fig. 2) . SigniÞcant differences between treatments in the number of total predators caught reßected the differences mainly in these two predatory groups because they represented together 50% of the arthropods caught in pitfall traps.
Yellow Sticky Traps. Yellow sticky traps captured several groups of arthropods. Over 2 yr, 295,416 phytophagous insects, 3,894 predators, 37,167 parasitoids, and 15,927 Cyclorrhapha were identiÞed. Among herbivores, unidentiÞed thrips species were prevalent (89%), followed by leafhoppers (16%), planthoppers (3%), and aphids (1%). Most predators caught belonged to the genus Orius (58%), followed by other heteropteran genera (23%), Staphylinidae (12%), and Coccinellidae (7%). Among parasitoids, Mymaridae were prevalent (70%), followed at some distance by Chalcidoidea (nonmymarid individuals) (23%), Braconidae (5%), and Ichneumonidae (2%). Most Cyclorrhapha were Chloropidae (79%).
Statistical analyses of sticky trap captures are summarized in Table 4 . The year signiÞcantly affected catches of thrips, Heteroptera other than Orius, staphylinids, ichneumonids, nonmymarid chalcidoids, and nonchloropid ßies, all of which were caught in higher numbers in 2006 than in 2007. Herbicide treat- ment caused thrips and Orius to be signiÞcantly more abundant on yellow traps collected on untreated plots independently of the sampling date. The following groups affected by the treatment depending on the sampling date and captures during the season are shown in Fig. 3 : planthoppers, aphids, Ichneumonidae, Mymaridae and nonchloropid ßies. Of these, herbivores showed higher numbers on untreated plots (Fig.  3A and B) , unlike those found in the on-plant counts, probably because yellow traps caught thrips, planthoppers, and aphids coming from weeds in addition to crop plants. Parasitoid abundance differed according to the family. Whereas nonmymarid chalcidoids were more abundant on yellow traps located on untreated plots, the opposite was found for mymarids, although on only one sampling date (Fig. 3D) .
Visual counts and captures on yellow sticky traps were compared by means of SpearmanÕs rank correlation to check the usefulness of this kind of trap for detecting differences in insect abundance in modiÞed weed management corn Þelds. Most correlation coefÞcients calculated were positive and highly signiÞ-cant (for all insects compared except for coccinellids; Table 5 ).
Discussion
Weeds are generally regarded as merely potential competitors of crop plants, and this simpliÞcation leads to weed management practices being designed solely on the basis of weedÐ crop plant relationships. A further step in the consideration of the ecological role of weeds in agrosystems regards noncrop plants as a source of pests for crops, which potentially cause a supplementary damage to crop yield and therefore make weed control even more necessary.
However, the inßuence of weeds in agrosystems on arthropod communities, which can be exerted through several mechanisms (Way and Cammell 1981) , is rarely considered. Increasing knowledge of these mechanisms through which weeds can inßuence the composition, abundance, and dynamics of arthropod fauna, including herbivores and their natural enemies, shows a clear need to integrate pest and weed control practices into true IPM systems. This is especially critical in the deployment of herbicide-tolerant GM crops, which open new possibilities for managing weeds, particularly by differentially timing applications of broad spectrum herbicides in postemergence treatments. Herbicide-tolerant GM crops were cultivated on 72.2 milion ha in the world in 2007 (James 2007) , and their cultivation could increase greatly in the coming years.
There are many possibilities for managing weeds with broad spectrum herbicides, each of them probably leading to different consequences on weed and arthropod population dynamics. In addition, several other active ingredients are available in corn for postemergence herbicide treatment. Under this wide range of potential alterations, it is particularly useful to identify the components of the arthropod community that are most sensitive to weed ßora modiÞcations to minimize negative effects of altered weed management. In this study, we identiÞed the arthropods that may respond to a greater extent to alterations in weed ßora abundance and composition. The most abundant herbivores recorded on crop plants were leafhoppers, aphids, and thrips, which responded to changes in weed ßora in different ways: whereas leafhoppers and aphids were more abundant on treated plots (particularly early in the season), phytophagous thrips were more abundant on untreated plots. The tendency to Þnd more herbivores on weed-free plots agrees with the general pattern formulated by Andow (1991) : mixed vegetation leads to fewer pests.
There were more plant-dwelling predators in plots treated with herbicides in comparison with the untreated plots. More predators on corn monocultures than on polycultures were also found by Andow and Risch (1985) for the predatory coccinellid C. maculata, and this was explained partially by a higher prey density in the monocultures. Other authors found no differences between weedy and nonweedy corn plots in the numbers of on-plant predators, as reported by Gianoli et al. (2006) and Penagos et al. (2003) . Enhanced predator densities in weedy corn plots are therefore not as general as stated by some authors (Altieri 1999) . On the contrary, the activity of soildwelling predators recorded in pitfall traps was higher on untreated plots during most of the season, as occurred for Araneae (35% of the total predators recorded in pitfall traps); mean numbers of carabids caught were also much higher on untreated plots, although the differences were only signiÞcant from pollination onward. Other authors have also found more soil-dwelling predators on weedy or nontilled corn plots (Penagos et al. 2003 , Witmer et al. 2003 , Hough-Goldstein et al. 2004 ). This can be explained by the higher numbers of prey, such as Collembola, in soil that could be available on untreated plots for generalist predators, such as most carabids and spiders (Marcussen et al. 1999 , Bilde et al. 2000 , Prasifka et al. 2006 . A complementary explanation for the enhanced catches of carabids on untreated plots is a greater availability of weed seeds on untreated plots for omnivorous predators. This second explanation would be supported by several facts: there were signiÞcantly more carabids in 2007 than in 2006; carabid beetles increased their relative importance among predators caught with pitfall traps; and the dominant species P. rufipes is fairly omnivorous and may feed on seeds (Kromp 1999) . In general, therefore, Þnding more soildwelling spiders and carabids on weedy plots was not surprising because it is considered that many species in both groups are enhanced in abundance and activity by polycultures (Kromp 1999, Sunderland and Samu 2000) . It has been assumed that some herbivores are hampered in host localization by the presence of noncrop plants, thus leading to reduced colonization rates and lower herbivore density, a phenomenon that was only partially recorded in this study. Lower colonization rates on untreated plots were only evident in the case of aphids recorded in the visual sampling; the total number of aphids was lower on untreated plots in early and mid-season corn growth stages except on the Þrst sampling date (V4 Ð 6). This was the general pattern for the three main aphid species recorded on corn plants (results for each species not shown): M. dirhodum, S. avenae, and R. padi. The lower number of aphids on untreated plots could be caused by a lower host plant quality as a result of weed competence on the crop, as found by Honé k and Martinková (1991) in corn or to the lower apparency of crop plants on weedy plots for colonizing aphids (Way and Cammell 1981, Dö ring et al. 2004) . The rest of the herbivore groups recorded on crop plants did not show such a clearly lower colonization on untreated plots. Leafhoppers did not display higher densities on treated plants until the fourth sampling date at a corn growth stage of V14 Ð15, although they were present on the crop plants from the Þrst sampling date. Leafhoppers have been reported as colonizers that strongly prefer nonweedy crop plots, a phenomenon repeatedly recorded for the potato leafhopper Empoasca fabae (Harris) (Buckelew et al. 2000) and also for the maize leafhopper Dalbulus maidis (DeLong and Wolcott) (Power 1987) . Finally, there were no differences between treatments in the numbers of phytophagous thrips.
Catches on yellow sticky traps poorly reßect real on-crop plant populations. Although most SpearmanÕs coefÞcients of correlation found were highly signiÞ-cant, proportions of variability accounted for the relationship were rather low in all cases (maximum was 25%). Three main factors may strongly shift values of insects caught on yellow sticky traps in comparison with insects on crop plants. First, yellow traps only attract signiÞcant numbers of ßying adult insects, whereas counts on plants recorded by visual inspection comprised both alate and apterous stages. Only visual records of Orius spp. were segregated between adults and nymphs, and only adults were analyzed for correlation with yellow trap catches, but even in this case, correlation coefÞcients were rather low. Second, yellow traps may catch insects ßying from both crop plants and weeds, so values of yellow traps may overestimate insect densities on the crop plant. Third, insects have different levels of attraction to yellow. These three factors may explain some of the inconsistencies in the differences recorded between treatments found in visual sampling and on yellow sticky traps, as in the case of aphids (on two sampling dates signiÞcantly more were recorded in visual sampling on treated plots and on traps on untreated plots), leafhoppers (more in visual sampling on treated plots but signiÞcantly more on traps on untreated plots), and Orius spp. (signiÞcantly more both in visual sampling on untreated plots and on traps on treated plots). This poor relationship between trapped insects and population trends on crop plants means that yellow traps cannot be recommended for measuring impacts of weed management practices on pest natural enemies, because we are more interested in population changes on crop plants than on agricultural plots in general. For this purpose, counts on plants are more reliable, as was also concluded by Musser et al. (2004) , who compared Þeld counts with yellow sticky traps to monitor predatory insects in corn Þelds. Yellow sticky traps may be more useful when the potentially impacted function to be analyzed is related to arthropod diversity.
Abundance of insect pest parasitoids may be estimated by sampling plants and recording herbivore parasitism in the laboratory, but this is seldom feasible because of the great diversity of hosts and host stages that can be parasitized in corn Þelds. Yellow sticky traps may give a fast estimation of abundance of parasitoid families, as has been shown in corn (Udayagiri et al. 1997 ) and other crop systems (Hoelmer and Simmons 2008) . The higher number of ichneumonids trapped in untreated plots is difÞcult to explain. None of the herbivores recorded on crop plants could explain these differences, which were probably caused by higher numbers of ichneumonid hosts on weeds. However, the higher catches of mymarids in treated plots may reßect the greater abundance of leafhoppers as mymarids are common parasitoids of Auchenorrhyncha (Gauld and Bolton 1988) and the peak of The no. of means compared for each group is indicated by n and expresses the no. of means of visual sampling that were higher than zero.
mymarid catches followed the peak of leafhoppers by a few weeks. Two general hypotheses have been formulated to explain why fewer pests are usually found in plots with mixed vegetation in comparison with free-weedy plots (Root 1973) . Natural enemy hypothesis predicts a lower occurrence of natural enemies and thus a higher pest density in nonweedy plots. However, resource concentration hypothesis attributes to nonweedy plots more favorable conditions for higher crop colonization by herbivores. As seen above, neither of the two explanations fully applies to the arthropod dynamics here reported.
It is known that plot size may affect abundance of epigeal arthropods, in particular foliar species, in corn (Prasifka et al. 2005) , and movement of insects among experimental plots or between experimental plots and Þeld surrounding habitats may reduce differences between treatments. Weeds distribute more aggregately than insects because they move less. Since weed abundance has been shown to be a major source of variation in insect densities, Þeld trials aiming to assess impacts of herbicide-tolerant maize on arthropods may need larger plots than trials conducted to estimate direct effects of GM crops on arthropods. This is why we used plots of 0.4 ha, a rather large plot size in this kind of experiment (Prasifka et al. 2005) , for assessing impacts of transgenic crops on arthropods.
In summary, we saw that a comparison of plots treated and untreated with broad-spectrum herbicides allows us to detect the arthropods that are most responsive to modiÞed weed management and they do so in different directions. IdentiÞcation of those arthropods that can be more likely impacted by genetically engineered varieties is needed to focus Þeld trials in these species and intensify the study by increasing number of replications and therefore statistical power (Prasifka et al. 2008) . It has been suggested that laboratory trials may provide guidance about which arthropod taxa may be more affected by the transgenic crop and restrict Þeld trials to those susceptible arthropod; however, in case of potential effects of transgenic herbicide-tolerant varieties, direct effects on arthropods are practically impossible to measure in the laboratory, and the preliminary trials have to be conducted in the Þeld as in this case.
Results showed that the response of arthropods to alteration of weed abundance and composition is variable and that cleaner corn plots do not lead unequivocally to fewer natural enemies and more insect pests, as stated by some authors. Soil-dwelling predator activity seems to be more linked to the abundance of weeds because they provide a more favorable habitat for predators, such as carabid beetles or spiders, or because more abundant prey, such as Collembola, are available. Contrastingly, higher abundance of on-crop plant predators in treated plots is probably the result of more prey in reduced-weed plots in the early or mid-season. Changes in arthropod fauna as result of applying broad-spectrum herbicides postemergence cannot be interpreted in terms of nontarget effects of those treatments; for this, a comparison with conventional weed management practices should be done, and this will be the following step in the study. The higher ßexibility of herbicide-tolerant corn varieties for timing the application of broad-spectrum herbicides postemergence and thus for regulating the phenology, composition, and abundance of weeds in corn provides an opportunity to choose weed management practices that minimize negative impacts of weeds on the crop yield and enhance herbivore populations to favor their natural enemies while preventing herbivores from reaching damaging levels. SpeciÞc strategies for weed management in each local situation will largely depend on the herbivores and densities that are most likely to produce crop losses, the natural enemies that should be favored, and the weed densities that can be tolerated.
